Abstract -The concept of deterministic chaos at the initial development stage was considered as an unusual phenomenon that never arose in the solution of practical problems and was of interest only for a narrow circle of scientists. However, later chaotic dynamics was discovered in a large number of different systems. Further development revealed a number of practical problems, when there were chaotic regimes, sometimes harmful, and sometimes useful. Practically important classes of problems have appeared, when a non-linear system must be controlled, reduced, or, on the contrary, increased in degree of randomness.
I. INTRODUCTION
Voltage converters, power factor correctors and active rectifiers are used to power AC drives. To provide high quality of electricity, various types of pulse width modulation (PWM) are used [1] . Theoretically, the impulse fronts of an ideal PWM signal must have zero rise and fall time. The rapid growth and fall of the pulse signal minimizes the time of the transient process and the associated dynamic losses of semiconductor devices. PWM is easy to use, but a significant disadvantage is the high level of harmonics and electromagnets interference, which significantly makes worse electromagnetic compatibility [2] .
Historically, the first definition of the regime of deterministic chaos was formed: deterministic chaos is a superposition of a very large number of unstable periodic motions. The second definition of deterministic chaos is formulated as follows: deterministic chaos is associated with the instability of the system with small changes in its initial conditions [3] . This is the so-called "butterfly effect". Thus, deterministic chaos is an unstable and sensitive phenomenon towards the initial conditions. In this case, the trajectories of motion in the space phase are bounded, and Lyapunov exponent has a positive value. If there is at least one positive Lyapunov exponent, this means that there is a spontaneously formed positive feedback in contours of a closed control system.
II. PROBLEM DEFINITION
The frequency-controlled asynchronous electric drive is a complex electrotechnical system with a closed control loop that has a lot of nonlinear elements, the parameters of the system include electrical resistance, inductance, mechanical inertia of rotation, damping coefficient and etc. Input variables include voltage, current, frequency and etc. Output variables include rotational speed, power (torque) on the shaft, and so on. Variation study of these variables in the EF with the AE under the influence of chaos will become an important basis for the study of the entire ETS system with the CR AE in the chaotic regime. The transition of the mathematical model of a 
XII International scientific and technical conference "Dynamics of Systems, Mechanisms and Machines" (Dynamics) 13-15 November 2018, Omsk, Russia three-phase induction motor from a three-phase static coordinate system towards a two-phase (d, q) synchronously rotating frame of reference is represented by a system of differential equations [4, 5] . The notations used in the system of differential equations (1) are generally accepted.
III. THEORY
The mathematical model of frequency converter with a chaotic PWM carrier allows the regime analysis of deterministic chaos, as well as its effect on the energy characteristics of induction motor.
One of the limiting factors in the development of frequency converters is insufficient knowledge of their nonlinear dynamic properties. Note that the mathematical models of frequency converters should take into account not only the nonlinear properties of PWM, but also the nonlinearities associated with the uncertainty of switching times of uncontrolled semiconductor gates in the ripple current regime, since the presence of such nonlinearities substantially enriches the diversity of the existence and development of various deterministic and chaotic states of a closed automatic system management. The purpose of this work is the development and analysis of the mathematical model of the frequency converter induction motor with a chaotic carrier frequency.
To develop a model with the possibility of a chaotic change in the PWM carrier frequency, we use the following expression [3] 
Where А S -carrier frequency amplitude; 0 f -carrier frequency; ψ -phase shift;
-phase shift and frequency k-th harmonics of the modulating signal; N k -the number of harmonics of the modulating signal; Using the proposed method, we implement a mathematical model of the frequency converter with a chaotic PWM carrier in Mathcad program. The first thing to begin with is to form an array of time t j and frequency f j . Let's write down the value of the number of samples for the repetition period and the sampling rate N = 5000; j = 0…N; t j = j10 -6 с. We introduce the set of frequencies F 1 -F 10 , chaotically changing the initial phase φ and the amplitude of the modulating signal. 
We will form the time and spectral representation of the carrier frequency and the modulation index Let's compose the expression for the time representation of the chaotic PWM frequency 
IV. EXPERIMENTAL RESULTS
We should calculate the signal spectra. To do this, let's add the variable Sw and assign it the result of the return function of the Fourier transform cfft. Next we get the module of a complex spectrum and make the correction of the resulting oscillation with the help of the variable r. Out next step is to create a sinusoidal three-phase control sigil, shifted by 120 degrees. To do this, we should use the following expressions ), 50 2 sin(
where km -the amplitude of the signal, which must not exceed unity. Figure 2 shows the resulting stresses and With the help of a mathematical model, it is possible to form both a classical PWM and a PWM with a chaotic change in the carrier frequency.
V. RESULTS DISCUSSION 1. The studies allow us to estimate the influence of the unbalance parameters of the supply voltage on the energy parameters of AEs of different sizes. According to the results of our research, it is established that the growth of the unbalance of the supply voltage is accompanied by a decrease in the electric motor productivity. At rated load with increasing asymmetry, the maxima of the asymmetry coefficient and efficiency shift to the region of lower values of the direct sequence voltage; When the supply voltage is asymmetric, the voltage of the direct sequence decreases, the maxima of the power factor and the efficiency factor are shifted to the area of lower loads. Therefore, when the direct sequence voltage decreases, the load reduction on the motor shaft to satisfy the condition θ* = 1, leads to a slight deterioration in its energy parameters.
2. The results of the research can be used to select the load on the CR AE shaft in a continuous mode of operation with asymmetry of the supply voltage both at the design stage and in the conditions of their operation. In future studies, it is planned to assess the deterioration of the energy parameters of the CR AE in short-time modes with asymmetry of the supply voltage.
Conclusions are made on the basis of the results
experiments on the investigation of the influence of higher harmonics of the IF on the efficiency of the CR AE:
-The AE connected to the drive has an efficiency of 3-7% less than when powered by a pure sinusoidal voltage. The increase in losses is due to the appearance of higher harmonics;
-When the AE works from the IF, it is necessary to evaluate the efficiency of not only the system as a whole, but also the efficacy of the electric motor; -To determine more accurately the values of the power consumption, it is necessary to use a true definition of the effective value.4.
The study showed that the acoustic noise emitted by AC motors and other magnetic components in systems based on transducers operating with a carrier frequency in the audio range can be significantly reduced using a chaotic PWM frequency. An analysis of the output voltage spectra showed that PWM with a chaotic frequency change can also be used to obtain a matching of electromagnetic compatibility with lower costs for filtering and screening, during spectral peaks decrease compared to the classical PWM.
VI. OUTCOMES AND CONCLUSION
The investigation of steady and transient regimes of deterministic chaos in an asynchronous electric drive with an emphasis on the quality of the functioning of a frequencycontrolled induction motor and possible further industrial application is carried out.
Based on the classical formers of pulse width modulation, a shaper with a chaotic carrier frequency was developed. With the help of the proposed shaper, it is possible to reduce the pulsations of the rotor speed of the electric motor. The shaper was tested both on imitation models and experiments. It was confirmed that the speed pulsations can be reduced by controlling the spectral region of the chaotic frequency.
Classical pulse-width modulation and pulse-width modulation with a chaotic carrier frequency are studied. The simulation results and experimental results confirm that pulsewidth modulation with a chaotic carrier frequency provides a good stable operation of the frequency-controlled electric drive and allows to reduce the harmonic amplitudes to 60%.
